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Outline

 CDF activities
 Service work
 Physics analysis

 Search for LeptoQuarks: 1st and 2nd generation
 Search for LeptoQuarks: 3rd generation

 ATLAS
 Physics Analysis:

 Single Top
 Leptoquarks

 Miscellanea (talks and presentations)
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Service work at CDF

CDF eventNutple - eN

COT Tracks

Global info:
Run/evt number
Trigger bits

 Event information is
translated into ROOT
branches:
 High Level Objects
 Trigger Information
 Raw Data Information
 Simulated information

eN is one of the three main 
analysis tools used in CDF

http://ncdf70.fnal.gov:8001/talks/eN/eN.html



10/24/05 Simona Rolli, DOE review 2005 3

Service work at CDF (cont’d)

TRGSim++
 set of   (C++) packages which emulate the various trigger

levels decision steps (CDF trigger is fully digital)
 offline tool to calculate rates and efficiencies;
 online monitoring tool.

 TRGSim++ modules run off detector raw data and produce emulated trigger
data identical to real hardware data.

 Trigger decision steps: A_C++ modules,
organized in packages:

 CalTrigger
 MuonTrigger
 XFTSim
 SVTSim
 XTRPSim
 L2/L1GlobalTrigger
 TriggerMods
 TriggerObjects

http://ncdf70.fnal.gov:8001/trigsim/trgsim.html
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Service Work (Cont’d)

 CDF is producing a great amount of papers
 Internal review committees are set for each analysis

 Still some Run I analysis

 I was godparents committee chair for 2 analysis:
 Search for ZZ and WZ production in pp collisions at √s  =

1.96 TeV
 leptonic decay channels , and ZW→ l1ll and llνν.  In a 194 pb-1 data sample

collected at the collider detector at Fermilab, 4 ZZ and ZW candidates are found
with an expected standard model background of 2.29 ± 0.42 events. 95% CL limit
set on the production crosse section.

 Published in Phys. Rev. D71, 09115 (2005)
 V+A  Fraction in Top Decay at CDF at √s =1.8 TeV

 Measurement of the decay rate fV+A of W produced in top decayin the hypothesis
of a non standard V+A structure of the tWb vertex. fV+A  < .61 at 95% CL

 Published in Phys. Rev. D71, 031101(R) (2005).
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Searches for LeptoQuarks

 Why Leptoquarks ?
 Current Results

 First and Second Generation Leptoquarks
 Final Run II results
 Comparison with LHC prediction

 Future plans
 Third Generation: τ
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Theoretical Motivation

 Leptoquarks (LQ) are hypothetical
particles which appear in many SM
extensions to explain symmetry
between leptons and quarks

 SU(5) GUT model
 superstring-inspired models
 ‘colour’ SU(4) Pati-Salam model
 composite models
 technicolor

 Experimental evidence
searched:

 indirectly: LQ-induced 4-fermion
interactions

 directly: production cross sections
at collider experiments

•LQs are coupled to both
leptons and quarks and carry
SU(3) color, fractional electric
charge, baryon (B) and lepton
(L) numbers

•LQs can have:
–spin 0 (scalar)

•couplings fixed, i.e.,  no free
parameters
•Isotropic decay

–spin 1 (vector)
•anomalous magnetic (kG) and
electric quadrupole (λG) model-
dependent couplings

–Yang-Mills coupling:   kG= λ G=0
–Minimal coupling:  KG=1, λ G=0

–Decay amplitude proportional to (1 + cosθ*)2
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LQ at Hadron Colliders

 Single production
 strongly depends on   λλ

 possible signatures:
 ll++ll- - + + jetjet
 llνν  + + jetjet
 νν  νν +  + jetjet

 Main background: ZjetZjet & ttt t

 Pair production
 Practically

independent of
Yukawa coupling λλ
(only g-LQ-LQg-LQ-LQ vertex)

 Depends mainly on
LQ massLQ mass

LQ

   λλ dependent process
  does not contribute
significantly to 2nd & 3rd

generation

qg→ l LQ,                      qg→ ν LQ

    qq→LQ LQ                        gg→LQ LQ-

LQ

l, ν

LQ

LQ

l,  ν

Not considered here
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LeptoQuark Decay
Each generation can
decay into 3 final states:

β = 1

β = 0.5

β = 0

LQ LQ  → llqq  2l+2j BR = β2

LQ LQ → lνqq  l+MET+2j BR = 2β(1-β)

LQ LQ → ννqq           MET+2j BR = (1-β)2

Exclusive to the Tevatron

This talk!

b = Br(LQ→lq)
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Search for LQ in dileptons + jets (I)

Selection
 2 muons with PT > 25 GeV
 2 jets with ET(j1,j2) > 30,15 GeV
 Dimuon Mass Veto:

 76 < Mµµ < 110, Mµµ < 15 GeV
 ET(j1) + ET(j2) > 85 GeV and PT(µ1) + PT(µ2) > 85 GeV
 ( (ET(j1) + ET(j2))

2 + (PT(µ1) + PT(µ2))
2 ) 1/2 > 200 GeV

Selection
 2 electrons (CC,CF) ET > 25 GeV
 2 jets, ET(j1) > 30 GeV, ET(j2) > 15 GeV
 Z Veto (76 < Mµµ < 110) GeV
 Electrons/Jets: ET 

j1(e1) + ET
j2(e2) > 85 GeV

 ( (ET(j1) + ET(j2))2 +  (ET(e1) + ET(e2))2 ) 1/2  > 200 GeV

SM background
 Drell-Yan+2jets

 Top (W→eν)

 QCD/Fakes
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Search for LQ in dileptons + jets(II)

Backgrounds:                         eejj                        mmjj
Z + 2 jets (alpgen)             1.89 ± 0.44            1.7 ±0.1
ttbar (Pythia)                       0.35 ± 0.03           0.22 ±0.03
Fakes (data )                      3.96  ± 2.01           1±1
Total                                    6.24 ± 2.16            3.0 ±1
Observed                                  4                       2

Systematics: signal acceptance and background prediction
Luminosity                6%
pdf                            2.1%
statistics of MC      ~1.2%
Jet Energy Scale       <1%
muon reco/ele id     <1%
Z vertex cut             0.5%
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Search for LQ in dileptons + jets (III)

eejj

µµjj

Exclude at 95% CL MLQ<235 GeV/c2  for β = 1.0

Exclude at 95% CL MLQ<224 GeV/c2 for β = 1.0
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Search for LQ in dileptons + jets (IV)
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Search for LQ in lepton + MET + jets

SM background
 W +2jets

 Top (l + jets and dilepton)

 QCD/Fakes

Selection
ð 1central electrons with ET > 25 GeV
ð MET > 60 GeV
ð Veto on 2nd electron, central loose or Plug
ð 2 jets with ET > 30 GeV
ð Δφ (MET-jet) > 10°
ð ET(j1) + ET(j2) > 80 GeV
ð MT(e-ν) > 120
ð LQ mass combinations

Selection
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Search for LQ in lepton,MET + jets (II)

Systematics: signal acceptance and background estimate
Luminosity                6%
pdf                            2.1%
Statistics of MC      ~1.2%
Jet energy scale       <1%
Muon reco/ele id     <1%
Z vertex cut             0.5%
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Search for LQ in lepton,MET + jets (III)

eνjj

µνjj

Exclude at 95% CL MLQ<170 GeV/c2 for β = 0.5

Exclude at 95% CL MLQ<176 GeV/c2 for β = 0.5
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Final Combined Limits
Joint likelihood formed from the product of the individual channels likelihood.
The searches in the dileptons and lepton + MET channels use common criteria and
sometime apply the same kind of requirements ( for example on lepton identification) so
the uncertainties in the acceptances have been considered completely correlated ( which
gives the most conservative limit).
When calculating the limit combination including also the ννjj channel the uncertainties in
the acceptances have been considered uncorrelated.A correlation factor of 0.5 has also been
considered ( no difference)

σLIM = NLIM/(εaverage×L)

εaverage = (β2ε(eejj) +2β(1-β)ε(eνjj) +β2ε(ee as eν) )                        for the 2 channels case and
εaverage = (β2ε(eejj) +2β(1-β)ε(eνjj) +(1-β)2ε(ννjj) +β2ε(ee as eν) ) for the 3 channels case.
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Final Results
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Conclusions on 1st and 2nd gen LQ

•We have performed the combination of all the CDF searches for first  and
second generation scalar letpoquarks using Run II data.
•The results are combined using a procedure based on a Bayesian approach
which takes into account the correlations in the systematic uncertainties.
•We set 95% CL mass limits for scalar leptoquarks as function of β:
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Publications

2nd Gen paper on its way to publication
(to be submitted to PRD)
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At the End of TeVatron Run II

Assumptions:
Same acceptances as now
Number of events observed = number of predicted background
Same errors

β= 1  mass limit up to 250-300 GeV/c2

β = 0.5 mass limit up to 230-280 GeV/c2
Preliminary

New analysis strategy 
(not counting experiment anymore?)
might be necessary…….
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Current Activity and Plans

 Third generation LQ’s
 LQ→τb
 Leptonic decay of both taus will be considered first

 Lower BR but cleaner signature (high PT) lepton triggers

Tufts is the only institution
in CDF doing LQ’s

Leptonic decay to mu

Leptonic decay to ele

Hadronic decay with
pi0
Other hadronic decays

Hadronic  ~65%
Leptonic   ~35%

τ→ e  17.84% 
τ→µ   17.36%
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Signal and Background MC study

 Background Monte Carlo
 Drell-Yan with 2 jets, where Z/γ* →e+e¯
 Top production where both W decaying leptonically
 Inclusive Z →ee/ττ
 QCD fake events cannot be simulated, they will be

estimated by studying the real data

 Selection strategy
 Kinematical selection criteria

 1 tight ID ele, plus 1 medium ID ele
 2 jets with ET (j1) > 30 Gev, ET (j2) > 15 Gev
 Events with Mee out of Z mass window [75,105]
 ET (e1) + ET (e2)  > 50 Gev, ET (j1) + ET (j2) > 85 Gev
 Circular cut sqrt [ (ET e1 + ET e2)2  + (ET j1 + ET j2)2 ] > 200 Gev
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Results

 Total background N_exp ≈ 22.508
 Signal acceptance from 0.2% to 33%
 S/B ~ o (1/10), still needs to be improved!
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Limit cross section and preliminary conclusions

Unless we control the background to
the level ≤ 15 events, boost the
signal selection efficiency up to 8%
@ 80Gev, at 1 fb-1 we probably
could get an upper limit.

  Exploring the possibility of using b-tagging:
signal    acceptance should boost     and
background being greatly reduced

Work is in progress (Hao’s thesis)
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Physics at LHC

 Les Houches 2005
• Fourth in a series whose aim is  to bring together theorists and
experimentalists working on the phenomenology of the upcoming TeV colliders .
• The emphasis will be on the  physics of the LHC during its first few years of running

• Strong interplay between:
• what has been learned from the TeVatron
• how the next linear collider could complement LHC measurements/findings

• The impact of cosmology and astrophysics will be addressed.
• Two WG - convener of BSM

The projects are to start in January 2005 and should be completed by the end of the year 2005.

 TeV4LHC Workshop
• Bringing together the Tevatron and LHC  experimental groups and the  theoretical community to 
make the best  possible use of data and experience  from the Tevatron in preparing for  the LHC 
experimental program:

• Understanding how to use Tevatron data to improve event modelling 
• Theoretical understanding of cross sections for the signals and backgrounds at LHC, 
• Using experience with real problems at the Tevatron 

 ATLAS Physics Workshop - Rome, June 2006
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Physics at ATLAS

Two areas of interest:
Exotics Group: LQ search sensitivity
Top Group: Single Top 

Work done in the framework 
of the Rome Physics Workshop
and with the intention of publishing
Scientific Notes later in 2006

Collaboration with:
Columbia (LQ)
Udine (SingleTop)
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Leptoquarks in ATLAS

LQ sensitivity will extedn at LHC to masses up to 1.5 TeV/c2

Pair production is still the dominant process contributing to the
cross section.

In the framework of the Rome workshop, we studied the signal
Detection efficiency for 2 set of masses, 0.5TeV and 1 TeV
The samples were suffering from a generation problem, but very
Preliminary results could be derived.

Generator Level φ distribution
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LQ in ATLAS

 Previous Results:Previous Results:
 Fast simulation: Scalar LQFast simulation: Scalar LQ

 LQ LQ LQ LQ →→  ℓℓ++qqℓℓ--q and q and nnqqnnqq

 2 jets+2 leptons:2 jets+2 leptons:    11stst and 2 and 2nd nd generationgeneration

 High Pt isolation + High mHigh Pt isolation + High mljlj cut cut
 sensitivity: m sensitivity: mLQLQ=1.3 TeV=1.3 TeV

 2 leptons + Et: 3rd generation

 b-jets+non isolated leptons+topo
 up to mup to mLQLQ~1.3 TeV~1.3 TeV

••   Full simulationFull simulation::    in progressin progress

mLQ=1 TeV

mLQ=1.3 TeV

2 jets + 2 leptons (30 fb-1)
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Single Top in ATLAS
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Single Top: b-tagging studies

  ATLAS Historical » taggers:
 IP2D: transverse impact parameter
 IP3D: 2D+longitudinal
 SV1, SV2: inclusive secondary vertex SV1+IP3D (called SV1 in CBNT)

 New taggers:
 Lifetime2D: transverse impact parameter
 lhSig: secondary vertex + impact parameter (2D&3D)

 Tagging weight:
 IP2D: based on impact parameter significances S=d0/σ(d0)
 Track weight: likelihood ratio wt=Pb(S)/Pu(S)
 Jet weight: Wj= Σln wt

i

 Generalization of the weight for other taggers, can be combined by summing
them up.
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Btagging Efficiency - Rome

LHSig
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B-tag efficiencies - After Rome

Suggestion to check other taggers:  SV1, IP2D and IP3D
LHSig (cut at 0.9)  is more efficient than the other
algorithms ( cut at 3.0)

LHSig distribution:
IP2D > 3.0 (red)
IP2D < 1.0 (black)

We tested various value of the cut , from 1 to 9 and compared with lhSig.
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B-tag efficiencies

Efficiencies are calculated in the following way:
Denominator: number of jets matched with the b-parton,
with PT > 50 GeV, η < 2.5
Numerator: ditto with cut on weight/likelihood

9

8

7

6

5

4

3

2

1

SV1 Cut

0.14

0.21

0.28

0.34

0.40

0.44

0.48

0.51

0.54

Eff SV1

0.600.90.250.219

0.630.80.260.258

0.650.70.320.297

0.670.60.370.336

0.680.50.410.385

0.700.40.450.434

0.720.30.500.493

0.760.20.560.542

0.800.10.610.601

Eff LHsigLHSig cutEff IP3DEff Ip2DIP2D/IP3D
Cut
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B-tag efficiencies: comparisons
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b-tagging performance estimators

 b-jet efficiency εb:
 Denominator:

 jets defined as b using MC truth   → jets defined using LHSig > 0.9
 with (raw) pT>15 GeV/c, |η|<2.5
 NB: jets with no “good” tracks for b-tagging are included
 NB: iso. electrons are not present in the JetTag collection (.)

 Numerator:
 ditto + cut on a tagging weight

 light-jet rejection Ru= 1 / εu
  R=100 means 1% mistag rate
  light jets: u, d, s, g

jets defined using LHSig < 0.7
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Weights

From the Flavour Tagging 
Validation  Twiki page



10/24/05 Simona Rolli, DOE review 2005 37

Light Weight rejection

111
(184-156)

200
(505-325)

IP3D + SV1

100
(86-66)

200
(228-130)

IP3D

50
(55-57)

125
(158 -109)

IP2D

Ru (εb = 60%)Ru (εb = 50%)

WH sample (L.V.)

ttbar sample (L.V.)

Wt (S.R)

Process Dependent
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Conclusions on b-tagging

•B-Tag studies on Wt samples:
• Preliminary tests on various b-tag algorithms, as out of the box on
Rome samples for single top were performed
• Generally good agreement with previous studies (L.V.)
• LHSig seems the most powerful flag to use to select b-jets
     (LHSig > 0.9) in Wt data
• More studies will be done
• Work ongoing within the b-tag group: goal is to select the best
algorithm for the analysis.
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Conclusions on ATLAS work

The analysis framework is well developed in ATLAS
Tools are well advanced and easy to use

The analysis ability is still very much in its infancy:
many people with LEP experience
few TeVatron people starting working actively

It is important to step in now and contribute with experience from
the TeVatron

Still the collaboration is oversubscribed….
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Talks and Presentations

 Simona Rolli, Fermilab Joint Theoretical-Experimental Seminar, April
2004
 Recent Results on EW, Top and Exotic Physics at CDF

 S.Rolli, I.F.A.E. Torino, April 2004
 Recent Results on Exotic Physics at the TeVatron

 S. Rolli, R.T.N, Pisa May 2004
 Recent Results on Exotic Physics at CDF

 S. Rolli, Tev4LHC workshop, Fermilab September 2004
 Searches fo LetpoQuarks
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Other Talks and Presentations

Simona Rolli
Central Michigan University Lecture, November 2004
BNL, HEP Seminar, January 2005
University of Michigan, HEP Seminar, March 2005
University of Pisa/INFN, HEP Seminar, May 2005
University of Udine, HEP Seminar, May 2005

Recent Results on High PT Physics at CDF

Simona Rolli, University of Udine, October 2005
Tutorial on AOD use in the ATLAS experiment


